Task 2.2
Process the liquid products from the coupled fluidized bed system by hydrotreating and determine the attractiveness of the treated products as synthetic crude oil feedstocks.
Action this Quarter: The hydrotreating equipment was moved to a new location.
Task 2.3
Develop a superior control algorithm for the reactor system to enhance controllability. Action this Quarter: The new control strategy is under review by outside experts on controls.
Task 2.4
Produce design and economic studies for commercial scale bitumen recovery and upgrading to synthetic crude oil.
Action this Quarter:
The pyrolysis model was used to study the effect of residence time and temperature.
Comparison with experimental data was encouraging.
Task 3 -Water-based Recovery of Bitumen
Task 3.1
Perform specified studies of the surface chemistry as related to tar sand digestion, and bitumen separation by gravity and flotation.
Task 3.1.1 Study the effect of mineral composition on the bitumen concentrate quality.
Action this Quarter: Study of the impact of bitumen-water interfacial tension on the hot water process efficiency was continued. Microscopic observations of bitumen release from several U.S. tar sands under stagnant conditions (the pH and ionic strength were varied by addition of electrolytes) showed that bitumen separation from mineral particles strongly depended on the bitumen-water interfacial tension. It was shown that bitumen recovery can be enhanced by appropriately controlling the bitumen-water interfacial tension.
The Circle Cliff tar sand sample was analyzed for the bitumen saturation value and mineralogical composition. The bitumen saturation value was found to be 2.8 weight percent. The mineralogical composition of the residual sand was determined to be: 44 wt% quartz, 18 wt% calcite, 11 wt% dolomite, 10 wt% kaolinite, 7 wt% K-feldspar, 4 wt% plagioclase, 3 wt% pyrite, 3 wt% illite, and 1 wt% amorphous material.
Task 3.1.2 Carry out process engineering studies related to bitumen separation from digested tar sand slurries by gravity separation and column flotation, and bitumen concentrate cleanup which will focus on characterization and utilization and the recycle of oily sludge produced in the cleaning process.
Action this Quarter: The study of air-sparged hydrocyclone flotation for the recovery of emulsified oil/bitumen from water was continued. The influence of flocculant addition (high molecular mass cationic polyelectrolyte) to an oil-inwater emulsion of various degrees of stability was investigated. The oil removal efficiency was found to correlate well with the zeta potential of the oil droplets.
Task 3.1.3 Carry out diluent penetration studies which will be aimed at the theoretical prediction of diluent penetration time, based on tar sand properties and process parameters. Determine the mechanical strength of tar sand saturated with diluent, and its impact on energy requirements during digestion. Action this Quarter: Tar sand stagnant digestion experiments were continued, including blank experiments with model sand-oil mixtures. The behavior of the oil and gas was monitored by microscopic examination and important phenomena recorded on photographs. Regardless of tar sand origin, the mechanism of bitumen separation was found to involve two stages: a spontaneous retraction of the bitumen film from the sand surface into the sandstone pores and subsequent bitumen release from the pores due to the preferential wetting of sand by the aqueous phase. Task 3.1.4 Investigate the chemical structure and properties of surfactants released from tar sand bitumen during water processing.
Action this Quarter:
The surfactants released to the aqueous phase during Asphalt Ridge and Whiterocks tar sands digestion were submitted for MS analysis using a standard GC-MS system or direct insertion (DI) probe ion trap mass spectrometry (ITMS). The analyses showed that most fractions obtained from liquid chromatography still contained a mixture of many different compounds with a predominance of carboxylic and hydroxy!ic moieties. The presence of cationic surfactants cannot be excluded. These chromatographic fractions differed with respect to their aromatic nature, the length of hydrocarbon chains, and their sensitivity to oxidation/elevated temperature. Task 3.1.5
Investigate the possibility for the recovery of bitumen by underground processing of oil sands. Action this Quarter: A concept for underground processing is being developed to provide for diluent pretreatment, digestion and gravity separation steps. The method involves initial borehole-mining of a series of cavities which first provide the tar sand feed, later serve as the processing vessels for complete bitumen separation from sand, and finally are used to deposit the tailings. Only the bitumen concentrate is lifted to the surface for clean-up and further processing. If successful, such a process could be less expensive and would greatly lessen the environmental problems associated with Complete the final design and construction of the riser-combustor reactor.
Initiate preliminary testing of the apparatus and the associated analytical systems.
Action this Quarter: Task completed

Task 6 --Recovery of Bitumen from Oil Sand and Upgrading of Bitumen by Solvent Extraction
Task 6.1
Conduct a series of subcritical process studies with organic solvents and with bitumen-derived boiling range fractions produced during pyrolysis of tar sands.
Action this Quarter: None (student returned to India).
Task 6.2
Determine preliminary mass and energy balances for the solvent extraction process. Action this Quarter: None (student returned to India).
Task 6.3
Evaluate the upgrading potential of various solvents and solvent blends at supercritical conditions. Action this Quarter: Completed propane studies with PR Spring oil sand bitumen.
Task 6.4
Evaluate the effect of solvent type and extraction conditions on asphaltene rejection with Uinta Basin bitumen. Action this Quarter: Asphaltene rejection studies completed with Whiterocks and PR Spring bitumen.
Task 7 --Catalytic and Thermal Upgrading of Bitumens and Bitumen-derived Liquids
Task 7.1 Fixed bed hydrotreating of Bitumens and Bitumen-derived hydrocarbon liquids. Task 7.1.1 Conduct a hydrotreating process variable study with the native bitumen from Whiterocks oil sand deposit using a commercial HDN catalyst. Action this Quarter: Task completed. Task 7.1.2 Conduct a hydrotreating process variable study with the bitumenderived liquid from the Whiterocks oil sand deposit using a commercial HDM catalyst.
Action this Quarter: Task completed. Task 7.3.2 Provide direction re pilot plant program. Candidate processes will be selected for further study. The basis for the selection will be documented, making note of any significant differences in product yield and quality. A narrow list of process candidates will be subjected to profitability analysis, varying the important economic variables. The variables include, but are not limited to bitumen cost and product price, process costs, process scale and capital costs, and transportation and marketing costs.
Action this Quarter:
1. The comparative analysis has been further broken down to a weighted criteria (in addition to the economic analysis). The criteria are ranked in terms of order of increasing risk.
Categories are commercially practiced, demonstrated (semi-works) pilot plant (continuous pdu), batch or semi-continuous bench scale, exploratory, and conceptual. The criteria are applied to the general state of technology development and the state of specific development on bitumen. The criteria values may be used as a coefficient to adjust projected economics of less mature technology to conventional economics of more mature technology. 2. Cost analysis based on simulated results is continuing.
The student working on these tasks is beginning his dissertation preparation. Completion of the dissertation and resulting work is expected before the end of 1993.
Task 8 --Evaluation of Utah's Major Oil Sand Deposits for the Production of Asphalt, High Energy Jet Fuels and Other Specialty Products
